The Silang-Santa Rosa subwatershed feeds into Laguna Lake to the south-east of Metro Manila. This case study of the subwatershed provides some insights on the interactions between people and institutions within their given natural environment. The link between the socio-economic conditions of households and the quality of the ecosystem resources available is premised on the extent to which socio-economic conditions infl uence household decisions relating to the use and management of land and water resources. The major issue is how people might be able to improve, protect, and expand their current resource base or level of acquirement given the different types of risks they face. In the subwatershed's upstream areas, the risk is from soil degradation coupled with ineffi cient farm production systems that lead to low farm productivity. In the downstream areas, households face poverty-related issues such as food insecurity and low income from declining fi shery resources. In addition, pollution from both upstream and downstream areas threatens their livelihoods and increases the incidence of water-borne diseases. To address these issues, it is proposed that the different stakeholders could be enlisted to develop an integrated development plan that would refl ect their common interests and vision for the watershed area feeding into Laguna Lake. The plan should deal with major issues such as land and water degradation, poverty, livelihoods, food security, health, farm production effi ciency, and marketing systems, as well as regulatory and economic instruments that would reduce land and water degradation.
Introduction
risks such as the diminution and contamination of their water supplies, and reduction in farm productivity that has a direct impact on their food security (Food and Agriculture Organization-Food and Nutrition Division and Publishing Management 1997 ) .
This paper seeks to present the impacts of some socio-economic factors and related environmental risks on food security in the Silang-Santa Rosa subwatershed. A good understanding of this link is a crucial step in developing strategies for addressing food security.
Conceptual Framework
Food security is affected by a number of socio-demographic and environmental conditions in the Silang-Santa Rosa subwatershed ( Fig. 11.1 ). The current environmental condition of the subwatershed is primarily the result of anthropogenic activities extending from the upstream communities to those downstream. Environmental risks that are major threats to food security in the Silang-Santa Rosa subwatershed include land conversion, soil degradation, and consequent soil erosion. An additional threat is the increase in pollution resulting from urbanization and an expanding population. These environmental factors can affect the livelihood of dwellers residing within the community, who are primarily dependent on farming and fi shery to make a living. Moreover, since individual sources of livelihood determine the amount of food that can be produced, as well as the additional income that can be generated to purchase food, socio-demographic characteristics such as age and educational attainment also have a major infl uence on the food security of individuals.
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Study Site
The research sites were classifi ed into three types of watershed area: upstream (Pulong Bunga), midstream (Tartaria), and downstream (Santo (Sto.) Tomas and Aplaya) ( Fig. 11 .2 ). The slopes in the upstream area range from 8 to 18 %. The barangay (district) of Pulong Bunga is an agricultural community located in the upstream municipality of Silang in Cavite Province, near the municipality of Tagaytay. Tartaria, in the midstream area, is another agricultural community in Silang, and portions of its tributaries feed into the downstream municipality of Santa (Sta.) Rosa. According to responses obtained during farmer interviews, there are plans by some private developers to convert the agricultural areas of this barangay into built-up areas. The downstream study sites comprise the barangays of Sto. Tomas and Aplaya, located in the Laguna Province municipalities of Biñan and Sta. Rosa, respectively. They are regularly fl ooded and considered to be environmentally critical zones. Fishing is a major source of income in these districts. 
Results and Discussion
This section provides a summary of household circumstances in the upstream, midstream, and downstream topographical locations within the Silang-Santa Rosa subwatershed. This is important for gaining a good understanding of how environmental risks or factors affect the incidence of poverty and food insecurity in the subwatershed.
Socio-Demographic Characteristics
The socio-demographic characteristics and conditions of farmers and fi shermen have a major infl uence on their vulnerability to natural and anthropogenic hazards, their use and management of land and water resources, and their adaptation strategies to cope with these hazards. This has an effect on their livelihoods, incomes, food security, and health. Table 11 .1 shows the socio-demographic characteristics of households. The upstream and downstream residents of the watershed are relatively homogenous in 
Labor Resources
The available labor resources can be the most important family asset for the upstream and midstream agricultural households as well as the downstream fi shing households. Across sites, the households are predominantly nuclear families whose heads are engaged in farming and fi shing activities. The contribution of family labor in farming and fi shing, however, is limited. Across sites, the percentages of women that remain at home as housewives are: 40 % of women in upstream areas, 60 % in midstream areas, 62 % in upper downstream areas, and 44 % in lower downstream areas. The rest are either engaged in trading daily goods, selling ornamental plants, or are employed as workers in factories and offi ces. Other family members who are not gainfully employed provide additional sources of unpaid family labor in farms. To cope with increasing household expenses, the majority of household heads in the upstream and midstream areas have a secondary occupation, with 35 % and 31 % engaged in transport and construction work, respectively. In the downstream sites, meanwhile, only 13 % in Sto. Tomas and 11 % Aplaya, have secondary employment (Table 11 .2 ).
Household Financial Status
In the upstream area, the average annual income for a family of fi ve is PHP 52,508. Given that in 2009 the NSCB (National Statistical Coordination Board 2009 ) estimated the household poverty threshold at an annual income equal to or less than PHP 20,163, the poverty incidence in the upstream is estimated at 15 %. Meanwhile, in the midstream areas, with an average annual income of PHP 43,688 for a family of fi ve, poverty incidence is estimated at 21 %. Both these estimates are low compared to the estimated poverty incidences in the downstream sites. In Sto. Tomas, with an average annual income of PHP 22,396 for a family of fi ve, the poverty incidence is estimated at 48 %, while in Aplaya, with an annual income of PHP 20,886, poverty is estimated at 63 % (Table 11. 3 ). These fi gures do not differ significantly from the fi gures in the 2009 report by the NSCB, indicating that the economic conditions of fi shermen and farmers have been deteriorating. Fishermen posted the highest poverty incidence (41.4 %), followed by farmers (36.7 %).
Land-Based Productive Resources
On average, each household in the upstream barangay of Pulong Bunga and the midstream barangay of Tartaria is cultivating 1 or 2 parcels of land, respectively. The average land area cultivated in Tartaria is bigger, at 1.13 ha, than the 0.91 ha cultivated in Pulong Bunga (Table 11 .4 ). However, 37 % of the farms in Pulong Bunga cover 1.1 to 2.0 ha, in contrast to Tartaria, where the corresponding fi gure is only 33 %. A majority (90 %) of the farm lots in Pulong Bunga are privately owned, whereas in Tartaria the majority (60 %) are rented. In Pulong Bunga, however, there is also one household cultivating rented land, and another working land rent-free. Most of the farms cultivated are very accessible to their owners or cultivators; 60-74 % of farms in Pulong Bunga and Tartaria are located less than a kilometer from their owners' or cultivators' homes. The farms are also close to markets, with an average distance of 5.1 km or less.
Emerging Issues
Three major emerging issues are: (1) the incidence of household food insecurity, (2) declining agricultural and fi shery productivity, and (3) environmental risks currently affecting food security.
Incidence of Household Food Insecurity
The incidence of household food insecurity may be understood in the context of the "path to food entitlement," and as such, strategies to address the situation are needed. Farm distance to House < 1.0 (14 = 74 %) < 1.0 (10 = 67 %) Road < 1.0 (19 = 100 %) < 1.0 (9 = 60 %) Market > 5.1 (5 = 26 %) > 5.1 (9 = 60 %)
The Path to Food Entitlement
Crop losses affect the amount of food available for a family and the amount of food surplus that can be sold for cash to purchase other basic needs. The incidence of food insecurity is therefore infl uenced by the farming systems adopted (crops grown, number and density of crops, etc.), as well as anthropogenic or biogenic hazards or risks encountered in farm production, and the consequent effect on the family's access to food.
Diffi culties in Meeting Household Expenditures
Across sites, the majority-if not almost all-of the respondents indicated that they have problems or diffi culties in meeting their expenses for even the most important household expenditures. These include food (10-58 %) and farming/fi shery inputs (33-69 %). For all sites, the main reasons for problems in paying for their household needs include the seasonal and irregular fl ow of income, crop losses from typhoons and seasonal climate variations, the high costs of agricultural inputs, and the diffi culty of reducing expenses and making other household adjustments. 
Sources of Entitlement, Risks in Farm/Fishery Production, and Seasonal Food Insecurity
The ability of households and their members to acquire enough food through production, exchange, or transfer depends on their current sources of entitlement. These include their productive assets, such as their land, tools, and equipment, as well as their farm-related entitlements such as the number or density of crops planted, combinations of crop species, period of harvesting and/or production cycle, total land area for cultivation, and the actual farm size cultivated. Other important sources of entitlement include labor resources, education and health, size of the family, level of income, and nature and sources of income. These factors are related to households' levels of poverty and food poverty thresholds as estimated by the NSCB. However, for households in the Silang Santa-Rosa subwatershed, sources of entitlement are limited, and this is compounded by their regular exposure over time to combinations of farm risks and uncertainty (both natural and anthropogenic).
It would therefore appear that they are more or less permanently (chronically) vulnerable, rather than being temporarily (transiently) vulnerable. It becomes apparent that under these conditions, households' paths to food entitlement are being threatened or placed at risk.
Indicators of Food Insecurity and Seasonality of Incidence
Indicators show that households across the subwatershed are at risk of being food insecure. Many respondents indicated that they had experienced food insecurity to some degree, based on the following indicators of household food insecurity: anxiety about having insuffi cient food, a food defi cit resulting from the absence of funds to purchase food, substitution of cheaper but lower quality food items, and reduction of food intake in terms of quantity and quality. That most of the family income is spent on food is indicative of a food-insecure condition. Across sites, 8-31 % of the respondents constantly experience food insuffi ciency, while another 44-68 % occasionally have that experience. Approximately 23-100 % of the respondents experience food insuffi ciency resulting from limited funds to procure food, with the highest percentage of such respondents found in the lower downstream (100 %). More than half of the respondents state that food on the table for the family is inadequate in quantity and quality and that they substitute cheaper foods while reducing the quantity consumed. This is especially the case in downstream areas, being cited by 79 % and 74 % of respondents in Sto. Tomas and Aplaya, respectively. It can be attributed to factors such as the large size of families, low incomes, and the nature of household income sources. Other factors include the number or density of crops planted, crop species and their combinations, harvesting periods and/or production cycles, total land area available for cultivation, and actual farm size cultivated.
Coping with Food Insecurity
Across sites, the main strategy used by households to cope with food insecurity problems is to generate suffi cient cash from non-farm employment to buy their staple food (as cited by 33 % in the upstream, 54 % in the midstream, 57 % in the upper downstream, and 68 % in the lower downstream areas). To address the problem of insuffi cient funds, about 44-67 % across sites substituted cheaper but lower quality foods than their regular food items, also reducing their food intake. Farmers in the upstream and midstream, moreover, try to produce nearly all of their own staple food requirements like vegetables and fruit crops. It is apparent, however, that although the households have instituted some measures to address their conditions, these measures refl ect the limitations in farm households' assets. For the most part, these adaptive measures are ad hoc and limited in mitigating the impacts of low farm income resulting from the biophysical risks, both natural and man-made, that are inherent in farming.
Declining Agricultural and Fishery Production
Farm households across sites are faced with declining agricultural production. This is attributable to the biophysical traits of their farms, as well as risks associated with typhoons, strong winds, El Niño, and other seasonal climate variations. Socioeconomic and institutional factors have also played a part. The reduced agricultural productivity in farmlands has adversely affected the level of households' farming income. In the upstream, 40 % of farmer respondents stated that their income had declined over the 5 years from 2008 to 2012, with their usual average income of PHP 180,334 dropping by as much as 42 % over the 5-year period. In the midstream, 20 % experienced decreases in income by as much as 58 %, in the upper downstream, 50 % cited a decline in production and consequent 50 % decrease in income. In the lower downstream, about 33 % of fi shermen in Aplaya experienced a reduction in household income due to diminished fi sh catches. Their income dropped by as much as 70 % from the usual average annual income of PHP 160,000.
Other factors contributing to the decline in fi shery income are natural factors such as typhoons, heavy rains combined with strong winds and tidal waves, and polluted water conditions in the lake that contribute to the poor growth of fi sh.
Environmental Risks Currently Affecting Food Security
Farmers and fi shermen perceive the risks associated with environmental degradation and its long-term negative consequences as affecting not only themselves but the community as a whole. The risks are of both natural and anthropogenic origins. Those of natural origin include typhoons, strong winds, El Niño, and seasonal variations brought about by climate and/or weather disturbances. In Silang-Santa Rosa, these have the effects of altering the crop cycle, and reducing crop productivity and income. Other types of risks include outbreaks of pests and diseases, crop losses from toxic chemicals, soil erosion and acidity, depressed market prices, and land use conversion. Farmers and fi shermen have faced these risks to some degree for years. However, in the upstream, 46 % claimed that their level of exposure to such risks is low. A low level of exposure was also cited by 25 % in the midstream, 100 % in the upper downstream, and 50 % in the lower downstream. This can be attributed to the respondents' resiliency and the measures they have adopted to address the risks. Factors affecting their level of resiliency include their earning capacity, family assets, and asset management, as well as support from family and relatives that provide fi nancial assistance in times of need. One specifi c adaptive measure taken in Silang-Santa Rosa is to immediately replant to replace damaged crops. Otherwise farmers simply wait for crops to recover naturally, or go and seek off-farm or nonfarm employment.
However, these adaptive measures are generally makeshift and do little to reduce the impacts of climatic events and other forms of risks. They are also very dependent on the level of household assets and resources. According to the respondents, in the longer term these risks will pose a major threat to the income, food security, and health of their families and community. They also mentioned that with a persistently low farm productivity and income, they would be forced to stop sending their children to school, or possibly have no choice but to sell their farmland. Inadequate food supply would also increase the incidence of hunger, malnutrition, and possibly even death. For the community as a whole, it would lead to loss of their crops and farms, and the destruction of their properties.
Conclusion
The incidence of food insecurity can be viewed as the ultimate effect of several inter-related biophysical and socio-economic factors that comprise the main hazards and risks. Environmental degradation, for example, may be caused by a combination of man's interaction with physical resources and naturally occurring hazards. It is evident in all the sites that the declining land resource base is adversely affecting farm and fi shery households' incomes and livelihoods, resulting in the threat of food insuffi ciency for the poorest. Across sites, households perceive that continued occurrence of climatic and other natural events in the years to come will have a major impact on their incomes, family health, food security, and the circumstances of the community as a whole.
With these issues in mind, the following technical and policy concerns should be taken into consideration to develop a research agenda that would facilitate the creation of a plan for managing watersheds and implementing related strategies.
1. Developing an integrated approach to watershed management that covers both land and water resources entails convening the major stakeholders to: (1) develop and agree on a common vision, goals, and objectives for managing the watershed and lake resources (e.g., improved water quality for a given period of time); (2) identify issues and problems that may hinder the fulfi lment of the vision, goals, and objectives; and (3) prioritize and develop an agreed action plan for dealing with the identifi ed problems and/or constraints. 2. In trying to address issues relating to soil and land degradation, it is important to determine whether the causes are anthropogenic or geogenic, since the potential solutions would be different. For example, many problems related to soil and land degradation can be traced to watershed management practices that are dictated by stakeholders' socio-economic circumstances. Of research interest, therefore, are studies on the appropriateness of different technologies given different physical and biological conditions of the soil. Technologies that address different bio-physical and socio-economic conditions among farmers might include re-vegetation, erosion control measures, water conservation, agroforestry systems, organic farming, and use of organic pesticides. 3. When developing plans for the watershed areas, addressing poverty and providing the means to make a living at the household level should be a major consideration, given our understanding of the relationships between land and water resources and the impacts of land use on water resources. Policymakers should understand, for example, that farming and fi shing are very important to households since they provide a steady source of income despite their relatively small contribution to the family fi nances overall. It is therefore important to promote farm production and fi shing practices that not only protect natural and environmental resources, but also improve households' levels of income. In addition, there should also be occupational opportunities for those children with better education who may decide to opt out of farming or fi shing. 4. There is a need to assess household food risk as well as other forms of risk associated with the livelihoods of subwatershed residents. Households perceive that continued climatic events and other natural phenomena in the years to come will have a major impact on their incomes, family health, food security, and the community as a whole. Moreover, both the current study and previous studies have indicated that the incidence of food insecurity at the household level is infl uenced by such factors as the seasonality of farm income. This seasonality is in turn affected by the types of cropping systems employed and crops grown, the size of tilled land, poor harvests due to variable climate conditions, price volatility, and low food stocks. 5. Soil and water pollution, soil erosion and degradation, and adverse effects on health are also major issues faced by the communities in the study. Important questions that need to be answered are: What are the economic costs of soil erosion or degradation? What are the economic costs of ill health or sickness due to pollution? What economic and regulatory instruments can be instituted to reduce the level of soil and water pollution, soil erosion, and degradation? Determining the economic value of potential losses and gains from different measures is important for making policy and investment decisions to address environmental degradation.
